Military Service Members are often exposed to high levels of occupational noise, solvents, and other exposures that can be damaging to the auditory system. Little is known about hearing loss and how it progresses in Veterans following military service. This epidemiology study is designed to evaluate and monitor a cohort of Veterans for 20 years or more to determine how hearing loss changes over time and how those changes are related to noise exposure and other ototoxic exposures encountered during military service. Data reported here are from baseline assessments of the first 100 study participants (84 males; 16 females; mean age 33.5 years; SD 8.8; range 21e58). Each participant was asked to complete a comprehensive audiologic examination and self-report questionnaires regarding sociodemographic characteristics, noise and solvent exposures, health conditions common among post-deployment Veterans, and the social and emotional consequences of hearing loss. For this relatively young cohort, 29% exhibited hearing loss, defined as average hearing threshold >20 dB HL in the conventional audiometric range. Forty-two percent exhibited hearing loss in the extended-high-frequency audiometric range using the same criterion (average hearing threshold >20 dB HL). Certain factors were found to be associated with poorer hearing in both conventional and extended-high-frequency ranges, including age, type of military branch, years of military service, number of military deployments, noise exposure, tinnitus, and a positive screen for post-traumatic stress disorder. Although the majority of participants had hearing within normal limits, 27% reported a self-perceived mild/moderate hearing handicap and 14% reported a significant handicap. Further research is needed to identify a cause for this discrepancy in audiologic results versus self-report. The information obtained from this longitudinal study could be used in future resource planning with the goal of preventing, as much as possible, the development of hearing loss during military service, and the exacerbation of prevalent hearing loss after military service and over Veterans' lifetimes.
Introduction
It is well known that hearing loss can severely compromise the performance of military personnel and their ability to keep themselves and their teams safe (Yankaskas, 2013; Yong and Wang, 2015) . In spite of this awareness and increased efforts to use hearing protection in the field, a substantial number of military personnel still experience hearing loss. Hearing loss due to loud noise is non-reversible and may lead to a lifetime of clinical care to ameliorate the symptoms.
According to the Veterans Benefits Administration (VBA), hearing loss has been the second most common service-connected disability awarded through the Department of Veterans Affairs (VA) since fiscal year (FY) 2007 (tinnitus has been the most prevalent). The VBA reported 1,015,305 Veterans were serviceconnected for hearing loss in FY 2015, up from 933,182 reported the previous year (VBA Annual Benefits Report, FY 2015) . The VA expends considerable resources to address hearing loss over Veterans' lifetimes. To illustrate, 1253 VA-employed clinical audiologists at 491 sites of care completed 2,018,302 patient encounters in FY 2015, equating to 168,192 Veterans per month (Beck et al., 2016) . In addition, the VA spent $298M on hearing aids, batteries, and repairs during FY 2015.
The present VA demands for care, services, and claims related to hearing loss create backlogs that require services to be outsourced, and in some cases the employment of per diem staff in order to keep up with clinical demands (Beck et al., 2016) . The wars in and around Iraq and Afghanistan have greatly increased the numbers of Veterans enrolling in and receiving VA health care. It was reported that 1,189,709 Veterans that served in Operations Enduring Freedom, Iraqi Freedom, and New Dawn (collectively referred to as OEF/OIF/OND) accessed VA health care between FY 2002 and the second quarter of FY 2015, which comprises 10% of the 6.6 million Veterans who received VA health care services during FY 2014 (Department of Veterans Affairs, 2015) . Auditory complaints are highly prevalent in these recent Veterans returning from service (Theodoroff et al., 2015) .
In order to provide Veterans with the best hearing health care and prevention of auditory injury, it is imperative to obtain as complete an understanding as possible of the epidemiology and pathophysiology of hearing loss and how it progresses following military service (Humes et al., 2006) . This requires determining if Veterans' auditory problems result only from prior military service or whether they are due to a variety of other causes such as occupational and/or recreational noise exposures, head trauma(s), and chemical and ototoxic exposures experienced in their daily lives outside of military service e or some combination of these factors. Potential benefits of obtaining this information include: identification of categories of individuals having the greatest susceptibility to auditory injury, promotion of effective hearing conservation and auditory injury measures, and development of advanced treatments addressing the underlying causes of hearing loss.
In a review of the literature, it was found that Helfer et al. (2005) conducted a review of medical evaluations on 141,856 Army Active Duty, Reserve, and Army National Guard members who were seen in Military Health System audiology clinics from April 2003 through March 2014. Noise-induced hearing loss injury prevalence rates were found to be higher for post-deployment related diagnoses (68.6%) versus non-deployment related diagnoses (4.0%). Military post-deployment related diagnoses also showed higher rates among the following conditions: acoustic trauma, permanent threshold shift, tinnitus, eardrum perforation, and H-3 or H-4 hearing profiles.
In a current longitudinal study (Karch et al., 2016) , electronic medical chart reviews of 456 military personnel with TBI diagnosis of either blast-exposed or non-blast injury revealed 64% overall developed a significant threshold shift (STS; 67% blast-exposed; 58% non-blast). They also found that TBI patients with blast exposure developed hearing loss at a rate 24% greater than those without blast exposure. The authors also acknowledged the lack of epidemiologic studies on hearing loss and/or tinnitus resulting from military service in the active duty and the Veteran populations.
The majority of data on noise-induced hearing loss have been collected on Veterans seeking health care. In a systematic review of 14 studies conducted by Theodoroff et al. (2015) , all the studies involved Veterans and military personnel seeking treatment for various co-morbidities (TBI/Blast exposure; concussions; mental health issues; etc.). The high prevalence of hearing difficulties found may not be generalizable to the majority of those in the military.
This present study is necessary because the majority of research on hearing loss in Veterans pertains to those who have suffered traumatic brain injury (TBI), those with blast exposure, or Veterans who are seeking medical care. The high prevalence of hearing difficulties found may not be representative of all Veterans. More research is needed to determine the true effects of military noise and ototoxic chemical exposures on Service Members at the population level. Longitudinal data are needed to inform researchers and clinicians, as well as individuals responsible for making/ implementing new policies in the Military. This longitudinal research can result in the added benefit of better prevention methods and treatment regimens for Service Members in the Military.
The present research, referred to as the Noise Outcomes in Servicemembers Epidemiology Study (NOISE Study), is a joint effort between research investigators at the VA and the Department of Defense (DoD). This study provides for the evaluation of hearing loss and documentation of military noise exposure in Veterans within 2.5 years of discharge, and then continues to document over time the non-military and ototoxic exposures they receive as well as the impact of these exposures on their daily function. Such a study would help to elucidate the relationship between noise and auditory injury and to determine if there is a delay in the onset of noise-induced hearing loss related to military service. This is a unique study in that it is designed to capture Service Members soon after discharge and follow them over their lifetimes. Such a timeline will allow accurate detection of if and when changes occur. Longitudinal studies are needed because the effects of hearing loss and tinnitus on Veterans are not well known (Theodoroff et al., 2015) .
The Committee on Accessible and Affordable Hearing Health Care for Adults recently published their recommendations titled, "Hearing Health Care for Adults: Priorities for Improving Access and Affordability" (Blazer et al., 2016) . The present study also directly addresses the recommendations set forth by this committee for "understanding the extent and impact of hearing loss," which include: "Support and conduct studies, including longitudinal studies in diverse populations to better understand: (1) the risk and natural history of hearing loss; (2) risk factors and co-morbidities of hearing loss; (3) hearing health care needs; and (4) the impact of hearing loss and its treatment on health function, economic productivity, and quality of life." (pp. 3e4).
The NOISE Study will longitudinally (20 þ years) evaluate a cohort of Military Service Members and Veterans to determine how hearing loss might change over time and how those changes might be related to noise exposure and other ototoxic exposures encountered during military service as well as from experiences outside of military service. The purpose of this report is to present baseline hearing characteristics of the first 100 participants in the NOISE Study and to examine relationships between sociodemographic, military-related, and self-perceived hearing problems in terms of Veterans' hearing functioning. We previously reported from this same cohort of 100 participants to describe results obtained with the Tinnitus Screener (Henry et al., 2016) .
Methods
All data presented here were collected in 2014 at the VA Rehabilitation Research & Development Service National Center for Rehabilitative Auditory Research (NCRAR) located at the VA Portland Health Care System (VAPORHCS) in Portland, Oregon.
Participants
Service Members and Veterans from any branch of the military with an active-duty discharge form (DD Form 214) or a National Guard discharge form (NGB Form 22) dated within approximately the previous 2.5 years were eligible to participate in the study. (Participants were recruited who had separated up to 2 years and 9 months previously; however due to delays between initial screening and attendance of the enrollment visit, the maximum time since separation was 2 years and 10 months). All study participants resided in Oregon and Southwest Washington. Most of the participants lived within a 2-h driving distance from the NCRAR.
Names of recently-separated OEF/OIF/OND Veterans were obtained from the VISN 20 (Veterans Integrated Service Network e Northwest Network) case management database and populated with contact information from the VAPORHCS's Clinical Patient Record System. Recruitment letters were mailed to potentiallyeligible Veterans who were given 2 weeks to "opt out" of study participation. If they did not respond within 2 weeks, then followup telephone calls were made. Other recruitment sources included attendees of post deployment and other outreach events organized for returning Service Members and Veterans. Participants scheduled for testing were instructed to abstain from loud noise for at least 14 h prior to the initial study visit, as recommended by the Occupational Safety and Health Administration (OSHA) Occupational Noise Exposure Standard [29 CFR 1910.95(g) 
Prior to enrollment, all candidates were consented according to the guidelines of the VAPORHCS/Oregon Health & Science University (OHSU) Joint Institutional Review Board (IRB). All study participants signed an IRB-approved consent form and a separate Health Insurance Portability and Accountability Act (HIPAA) form and were compensated $70 for completing their initial visit, which usually required 4e5 h of their time.
Procedures
Participants completed a comprehensive audiologic examination including pure-tone air conduction (AC) (0.25-16 kHz) and bone conduction (BC) (.5-4 kHz) audiometry, immittance testing (tympanometry and acoustic reflexes), and speech audiometry (speech reception thresholds and word recognition). Additional tests were conducted during the audiologic session, but only those analyzed in this report are described herein. Participants also completed 18 self-report questionnaires (15 if they did not have tinnitus), of which seven are described herein.
Audiometry. Audiometric testing was conducted in a doublewalled sound-isolated test booth (Acoustic Systems model 19701A). Audiometric test equipment was calibrated annually to be in compliance with American National Standards Institute (ANSI) standards (ANSI S3.6-2007) .
AC and BC thresholds were obtained using a Grayson-Stadler Instruments (Eden Prairie, MN) GSI-61 clinical audiometer and a modified Hughson-Westlake procedure (Carhart and Jerger, 1959) . AC thresholds were obtained at octave frequencies 0.25-8 kHz and at the inter-octave frequencies 3 and 6 kHz using Etymotic Research, Inc. (Elk Grove Village, IL) ER-3A insert earphones. BC thresholds were obtained at octave intervals .5-4 kHz using a Radioear Corp. (New Eagle, PA) B71 bone vibrator. Extended highfrequency testing was performed at 9, 10, 11.2, 12.5, 14, and 16 kHz using Sennheiser (Old Lyme, CT) HDA-200 circumaural headphones. If hearing thresholds exceeded the limits of the audiometer output, thresholds were recorded at the limits of the audiometer plus 1 dB. For data analysis, the conventional pure-tone audiometric thresholds were divided into low (0.25, 0.5, 1, and 2 kHz) and high (3, 4, 6, and 8 kHz) frequency ranges. Pure-tone averages (PTAs) of the low and high conventional frequencies were calculated using both ears. Extended high frequency (EHF) average pure tone thresholds were calculated using both ears and included thresholds at 9e16 kHz.
Speech Testing. Speech reception threshold (SRT) and word recognition testing were performed using recorded word lists (Speech Recognition and Identification Materials, Disc 2.0, Auditory Research Laboratory, VA Medical Center, Mountain Home, TN) of Central Institute for the Deaf (CID) spondee words and CID W-22 words, respectively. If more than four words were incorrect on a 25-word-recognition list, the entire 50-word list was presented (Runge and Hosford-Dunn, 1985) . Initially, at study start-up, SRTs were obtained on several study participants using monitored live voice. However, with two audiologists performing the testing, recorded SRT materials were instituted for consistency.
Questionnaires. For purposes of data analysis and comparisons, we selected one questionnaire that determined the self-perceived impact of hearing loss on daily life situations and interactions with others. The Hearing Handicap Inventory for Adults (HHIA), composed of 25 questions, assesses the emotional and social consequences of auditory dysfunction for individuals under the age of 65 years (Newman et al., 1990) . The HHIA was scored according to the authors' recommendations. Scores were then categorized as no handicap (0e16), mild/moderate handicap (17e42), and significant handicap (43e100).
The 18-page Lifetime Exposure to Noise and Solvents Questionnaire (LENS-Q) was designed to obtain a comprehensive, lifetime history of exposure to sources of noise and solvents (Bramhall et al., in press ). The LENS-Q is divided into three sections: NonMilitary Occupational exposures, Military Occupational exposures, and Non-Occupational exposures (see Appendix A for examples of these three sections). Participants were asked to respond yes or no to each of the exposure items within each of the three sections. If a response was positive, then participants were directed to provide additional information including duration and frequency of exposure, and use of personal safety equipment (e.g., hearing protection, respirator, mask, goggles). Sources of military, nonmilitary, occupational, and non-occupational/recreational noise exposures as well as their associated A-weighted sound level and peak sound pressure level (SPL) for impulsive sounds such as gunfire, were identified through three primary sources (Humes et al., 2006; Berger et al., 2010; Beach et al., 2013) .
For the purpose of this report, LENS-Q noise exposure indices were computed as follows: Each noise source was assigned a rank score from 1 to 10 where 85 dBA or below ¼ 1, increasing the rank score by 1 for every additional 6 dBA range (e.g., 91 dBA ¼ 2). Hearing protection use and frequency of exposure for each source were added to this score. Hearing protection responses ranged from 1 to 4, with 4 ¼ never used; 3 ¼ used some of the time; 2 ¼ used most of the time; and 1 ¼ used always. Frequency of exposure ranged from 1 to 5 with 5 ¼ daily; 4 ¼ several times a week; 3 ¼ several times a month; 2 ¼ several times a year; 1 ¼ one time.
For individuals who did not report exposure to a particular noise source, a score of 0 was assigned. The resulting score was multiplied by the duration of exposure (years and months), resulting in an overall exposure score for each noise source. Exposure scores were then summed to create three indices: Non-Military Occupational, Military Occupational, and Non-Occupational/Recreational. The sum of these three index scores resulted in an overall total LENS-Q index score.
Five other questionnaires were used in the data analysis: (1) The Primary Care Post-traumatic Stress Disorder (PC-PTSD) Screening Tool is used by both the DoD and VA to detect probable PTSD and to initiate appropriate referral (Prins et al., 2004) . A cutoff score of 3 has been shown to have 76% sensitivity and 92% specificity for clinical PTSD among Service Members deployed to OIF (Bliese et al., 2008) . Study participants who scored 3 or greater were considered to have probable PTSD. (2) The Blast and Traumatic Brain Injury (TBI) Questionnaire obtained a history of TBI and blast exposure during and outside of military service. This questionnaire was based on a templated evaluation form used within the VA to comprehensively assess TBI history among Veterans who screen positive for TBI. In accordance with the definitions used by the VA and DoD, Veterans who experienced an external force to the head with peritraumatic symptoms indicative of TBI were considered to have probable TBI exposure (Department of Veterans Affairs and Department of Defense, 2016). (3) Sociodemographic information such as age, sex, military branch, deployment history, and years of service was taken from the Demographic Questionnaire, which was developed in-house at the NCRAR. (4) Information about tinnitus and service-connection was obtained from the Tinnitus History Questionnaire which was modified from the OHSU Tinnitus History Questionnaire (Johnson, 1998) . (5) The Hearing History Questionnaire provided information on subjective hearing difficulties, events associated with any difficulties (e.g., illness, accident), and degree of difficulty hearing speech. For data analysis, continuous variables were transformed into categorical variables (e.g., age, years of service, number of times deployed). Categories were determined based on logical divisions and sufficient responses for meaningful interpretation.
Data analysis
The goal of the analysis was to evaluate the association between the hearing characteristics and selected factors. To evaluate potential differences between categories of selected factors, analysis of variance was performed. Post-hoc analyses using Tukey HSD criteria were used to determine significance for factors with more than two categories.
Results
Among the first 100 NOISE Study participants, 84 were male and 16 were female. Ages ranged from 21 to 58 years (mean 33.5, SD 8.8) at the baseline assessment. Mean conventional and EHF audiometric thresholds across all participants are shown in Fig. 1 , with error bars representing standard error of the mean. This figure shows normal hearing on average in the conventional range over the sample. Examination of AC and BC thresholds and immittance testing results showed a conductive hearing loss for two participants.
Word recognition scores were consistently high across all participants. In the right ear, average word recognition score was 96.6% (SD ¼ 3.7; range: 84e100). In the left ear, average score was 95.4% (SD ¼ 3.9; range: 80e100). In spite of the overall normal audiometric results, 15% of the participants were identified as having low-to-mid frequency hearing loss (average AC thresholds >20 dB HL at 0.25e2 kHz) and 25% were identified with high frequency hearing loss (average AC thresholds >20 dB HL at 3e8 kHz). Twenty-nine percent of participants exhibited hearing loss in either or both ranges. Forty two percent of the participants exhibited hearing loss in the EHF range (average AC thresholds >20 dB HL at 9e16 kHz). Table 1 examines average low and high frequency conventional and EHF pure tone thresholds within participant factors that were selected due to possible associations with hearing loss. Conventional pure-tone hearing thresholds were averaged across both ears and by frequency (low: 0.25e2 kHz; high: 3e8 kHz), and EHF thresholds were averaged across both ears (9e16 kHz) resulting in three hearing threshold categories. The first factor, age, was divided into three groups (21e30; 31e40; 41 years). High and low frequency conventional and EHF thresholds were consistently lower (better hearing) in the younger group, with higher thresholds (worse hearing) in the middle and older groups. Significant differences were found between the youngest (21e30) and the oldest (41) groups in all of the hearing threshold categories. The youngest group also showed significantly lower thresholds in comparison to the middle group in the conventional high-frequency and the EHF categories. Significant differences between the middle and oldest groups were found only in the EHF category. Hearing thresholds were generally similar between male and female participants with no significant differences found between the two gender groups. The number of participants in each of the four military branches is also shown in Table 1 : 51 in the Army, 21 in the Marines, 16 in the Air Force, and 12 in the Navy. Although there is some indication of greater high-frequency thresholds for participants reporting military service in the Air Force, no significant differences were found among the military branches in the conventional threshold categories. However, significant differences were found in the EHFs where Air Force participants displayed poorer hearing (mean ¼ 35.2) than those who served in the Marines (mean ¼ 11.6).
Years of service were allocated into four groups (0e5, 6e10, 11e20, and >20 years) ( Table 1) . Within each of the three hearing threshold categories, participants with >20 years of service had significantly higher thresholds than those with less service years (Table 1 shows which groups differed significantly from one another). Of the 100 participants, 93% were deployed at least one time. Number of deployments was categorized into two groups: 0 or 1 time versus 2 to 6 times (Table 1 ). Significant differences were found between these two groups across all three hearing threshold categories, with worse hearing observed for Veterans with greater number of deployments.
At least one military-related TBI was reported by 27 of the participants; 46 reported experiencing at least one "blast wave" (Table 1) . Neither TBI history nor exposure to a blast wave was significantly associated with hearing thresholds.
Only 12% of participants were service-connected (i.e., awarded a VA disability award based on an adjudicated claim) for hearing loss (Table 1) . Those with service-connected hearing loss had significantly higher thresholds than those who were not serviceconnected for both conventional and EHF thresholds.
Sixty seven percent of participants reported persistent tinnitus. Tinnitus was divided into three groups for analysis (no or temporary, intermittent, and constant). Participants with constant tinnitus consistently demonstrated higher thresholds across all three hearing threshold categories (Table 1 ). Significant differences were found between participants with no or temporary tinnitus versus participants with constant tinnitus for all three hearing threshold categories. Forty-seven of the 100 participants screened positive for PTSD (Table 1) . Participants who screened positive for PTSD showed significantly higher hearing thresholds in the low frequency average compared to those who screened negative.
In Table 2 , the relationship of noise exposure to the presence or absence of hearing loss is presented. Low frequency, high frequency, and EHF hearing loss are each defined operationally as having an average threshold greater than 20 dB HL across both ears within the respective frequency range. Means and standard deviations are displayed for the four noise exposure indices based on the LENS-Q: Military, Non-Military Occupational, Non Occupational, and Total Exposure. A general pattern is revealed where those with hearing loss consistently show higher exposure scores than those with normal hearing. This is particularly true for those with high-frequency and EHF hearing loss. Those with highfrequency hearing loss show statistically significant higher mean exposure scores across all four exposure indices, with the Total Exposure Index showing the greatest difference between the two groups (mean of 300 for hearing loss versus 166 for normal hearing [p < 0.005]). Those with EHF hearing loss also showed significant differences compared to those with hearing loss in all but one exposure index, Non-Military Occupational. Military and Total Exposure indices show the greatest differences between the two groups.
Additional results from the LENS-Q are noteworthy. For example, a substantial proportion (79%) of the 100 participants reported weekly to daily exposures to loud noise during their military service. Of these, most (90%) reported use of hearing protection while using small arms; however, fewer wore hearing protection while exposed to artillery noise (56%) or explosions (47%). More than half (56%) of all 100 participants reported weekly to daily exposure to loud noise in their non-military occupations: construction (28%), automotive (17%), manufacturing (15%), entertainment (15%), and other noisy industries (64%). Of these, 32% reported never using hearing protection. All participants reported non-occupational and recreational exposures to loud noise. Of these, 42% reported weekly or daily exposure. Most participants (93%) reported using hearing protection while using firearms recreationally, but fewer used hearing protection for other activities: power tool use (68%); motor equipment use (45%); and attending concerts or playing in a band (27%). Many Veterans reported exposure to one or more ototoxic solvents in their military (58%) or non-military (28%) occupations.
Using the HHIA scores, 58 participants were categorized as having no self-perceived hearing handicap, 27 were categorized with a mild/moderate handicap and 14 were categorized as having a significant handicap (one participant was missing an HHIA score, so only 99 scores are reported). Figs. 2 and 3 show average conventional (0.25e8 kHz) pure tone thresholds and average EHF (9e16 kHz) pure tone thresholds, respectively. In each of these figures, participants are grouped by their categorization according to the HHIA (no handicap, mild/moderate handicap, significant handicap). In Fig. 2 , the no handicap and mild/moderate handicap groups have very similar mean thresholds, while the participants reporting a significant handicap show worse hearing thresholds on average from about 3 to 8 kHz. This separation continues into the EHFs, as seen in Fig. 3 . Thresholds at 12.5e16 kHz show a bit more separation between the no handicap and mild/moderate handicap categories, however variance was high for all groups in this range.
In Table 3 , several audiometric responses are examined with respect to the HHIA categories. For all responses, a significant difference was observed between the no handicap and significant handicap participants. Additionally, a significant difference was found between the no handicap participants and the mild/moderate handicap participants in the low conventional pure tone average (0.25, 0.5, 1, 2 kHz). A significant difference was found between the mild/moderate handicap participants and the significant handicap participants in their high conventional pure tone average (3, 4, 6, 8 kHz) and the EHF pure tone average (9e16 kHz). These audiometric responses were also examined with respect to participants' self-reported presence of a problem with hearing, also shown in Table 3 . A significant difference was found between those with no problem hearing and each of the other categories (mild problem, moderate problem, big, or very big problem) in the low conventional pure-tone average, and in the SRT. The high conventional pure tone average and EHF pure-tone average showed a significant difference between those with a big or very big problem and each of the other categories. A significant difference was also found between the no problem and mild problem categories for these two responses, though no difference was observed between either no problem or mild problem compared to moderate problem.
Hearing history data showed that 76% of these 100 participants stated difficulties hearing speech or other sounds; of those, 45% stated that loud noise was associated with their hearing difficulties and 55% did not know the cause of their hearing difficulties. Of the 76% who reported hearing difficulties, 8% did not consider it to be a problem, 53% felt it to be a mild problem, 30% a moderate problem and 9% a big to very big problem. Table 2 LENS-Q noise exposure indices, means and standard deviations (SD) by conventional low, high and extended-high frequency hearing loss (hearing loss defined as average hearing loss >20 dBHL across both ears). Hearing loss (n ¼ 41) 
Discussion
The NOISE Study is designed to longitudinally follow a cohort of recently-separated Veterans to better understand the relationship between their military noise exposure and the natural history of any hearing loss they may develop. In the short term, this study provides cross-sectional data from this sample revealing preliminary estimates of: (1) the prevalence of hearing loss, as well as other audiologic conditions; (2) the association between earlyonset hearing loss and military noise exposure; (3) perceived self-handicap associated with these conditions; (4) common comorbidities; and (5) factors affecting the severity of these conditions. This information is intended to be used by both the DoD and VA for resource planning to help improve clinical care services that are offered to Service Members and Veterans experiencing auditory dysfunction and, additionally, by the DoD as a possible means for assisting in preventive efforts. This is the first article reporting hearing-related data from the initial cohort of 100 participants in the NOISE study and how those data might be related to factors that were specifically selected due to their likely association with auditory function.
Summary of results
Average hearing thresholds across participants were within the normal range of audibility and word recognition averaged better than 95% in both right and left ears. Despite these averages, 29% of the sample had a hearing loss in the conventional pure tone hearing range and 42% had hearing loss in the EHF range. This is consistent with an earlier study of a general U.S. sample of (pre-OEF/OIF/OND) Veterans where the percentage who met the "VA definition of disability due to impaired hearing" ranged from a low of 14% in one of the youngest age groups (30e39 years) to a high of 65% in the highest comparable (to the present study) age group (50e59 years) (Folmer et al., 2011) . In this preliminary analysis, hearing thresholds in both conventional and extended high frequencies were seen to be significantly poorer as a function of: (1) age; (2) years of military service; (3) number of military deployments; (4) having received a service-connected disability award for hearing loss; (5) having constant tinnitus; and (6) noise exposure. Conventional lowfrequency hearing was poorer for those who screened positive for PTSD and EHF hearing was poorer on average for participants who served in the Air Force. Mean thresholds showed no significant difference in relation to: (1) gender; (2) TBI; or (3) exposure to a blast wave.
Lifetime Exposure to Noise and Solvents Questionnaire
A key accomplishment for the NOISE Study was the creation of the Lifetime Exposure to Noise and Solvents Questionnaire (LENS-Q). The LENS-Q was developed to obtain comprehensive, lifetime history of exposure to sources of noise (military and non-military) and solvents in a population of active or recently-separately military personnel. The present study represents the first effort to create a Total Exposure Index based on responses by participants across all 18 pages of the questionnaire (as described above). Relating the Total Exposure Index to presence/absence of hearing loss revealed a clear pattern of higher Index scores for participants with hearing loss.
Whereas numerous previous questionnaires have attempted to quantify noise exposure within certain contexts (e.g., Fuentes Lopez and Morales 2014; Irgens-Hansen et al., 2015; Keppler et al., 2015; Hederstierna and Rosenhall, 2016) , the LENS-Q is unique in that it covers most situations in which noise exposure would occur over a lifetime, including military, non-military, occupational, and nonoccupational/recreational settings. Future efforts with the LENS-Q will examine the effects of individual and cumulative exposures on the short-and long-term development of hearing loss and tinnitus among participants. Our algorithm for calculating a Total Exposure Index will continue to be refined to optimize its efficacy for quantifying total lifetime noise exposure.
Limitations
Pure tone hearing thresholds (Fig. 1 ) revealed a majority of these 100 participants had hearing within normal limits or no more than a mild hearing loss; yet 39% reported a moderate to very big problem with their hearing. One possible explanation for this discrepancy could be that reported "hearing problems" are more reflective of central auditory problems rather than of deficits in detecting sound (information captured on the audiogram) (Tremblay et al., 2015) . Central auditory deficits are known to be associated with TBI and/or blast exposure (Musiek et al., 2004; Fausti et al., 2009; Gallun et al., 2012) , which were relatively prevalent in this sample. Kujawa and Liberman (2015) posit another potential explanation is neural degeneration at the periphery due to noise exposure. The current study was not designed to test either of these potential explanations.
Future directions
Further analyses are planned and underway but will depend on our continued enrollment, retention, and follow-up testing of participants. A large cohort, with assumed attrition, will allow us the statistical power to conduct more granular multivariable analyses to examine the longitudinal associations of interest while controlling for potentially confounding variables and examining/adjusting for sources of possible study error such as selection bias (critical in epidemiologic research). Data from a large cohort will allow us to perform complex analyses and model the degree to which different factors contribute to the variability seen in hearing thresholds while controlling for potential confounding variables. Future analyses, using a causal model approach, will also take into account the relationships among the multiple variables and the combined impact they have on hearing ability.
Ultimately, this research will provide a better understanding of the causes of hearing loss and other audiologic conditions in Veterans. Another benefit of following a large sample of Veterans for many years (20 years or more) is to learn about the possible delayed effects that noise and other military exposures might have on their health and what other problems might occur later in life. Traumatic brain injury (TBI) is considered the "signature injury" among Veterans of the Iraq and Afghanistan Wars and may be contributing to auditory problems observed in our study sample. Tinnitus is known to be associated with TBI; however, the extent to which hearing loss may be associated with TBI, or the events that cause TBI (e.g., blasts), is less established (Musiek et al., 2004; Fausti et al., 2009; Gallun et al., 2012; Theodoroff et al., 2015) . The current findings showed no statistically significant associations between probable TBI and Veterans' hearing thresholds; however, this preliminary assessment may have been limited by the relatively small sample size and did not examine the potential effects of multiple TBI events or different TBI etiologies, such as blasts versus nonblast events. Future analyses in larger samples can help identify and quantify the short-and long-term effects of TBI on auditory health, independent of other military-and non-military-related exposures such as noise.
Conclusion
In this epidemiologic study, the initial cross-sectional data allow us to investigate relationships between noise exposure (i.e., military and non-military exposures) and hearing loss. It needs to be emphasized that these are preliminary findings from the first 100 participants in a study that is expected to enroll hundreds or even thousands of participants (contingent upon continued funding). Future results therefore may differ from this initial cohort.
Continuation of data collection will enable investigation of the long-term impact of military and non-military exposures on hearing loss, one of the top two service-connected disabilities for Veterans. Our study has reported both conventional (i.e., audiometric frequencies) and extended-high-frequency hearing thresholds, allowing for a better assessment of auditory function than just examining conventional thresholds by themselves. Examination of extended-high-frequency hearing thresholds resulted in the important finding that branch of military service may have a significant impact on auditory functioning that would not have been detected by only examining hearing thresholds in the conventional audiometric frequency range. This study found self-perceived hearing handicap was associated with higher thresholds in the conventional frequencies (3e8 kHz) and in the extended high frequencies of 9e11.2 kHz giving a broader view into auditory function that may explain some of the self-perceived hearing handicap. Ultimately, information obtained from this epidemiologic study can be used by the VA and/or DoD for resource planning to improve clinical care services offered to Veterans and Military Service Members experiencing auditory dysfunction.
